Introduction
Hypertension is one of the most commonly spread risk factors for cardiovascular diseases. The World Health Organization has estimated that one in eight deaths are caused by hypertension; thus, hypertension is considered the third-most common cause of mortality worldwide. 1 The prevalence of hypertension among adults ranges from 10% to 20% and among people over 50 years of age increases up to 40%-50%. The prevalence of hypertension in European countries is about 60% higher than in the USA or Canada. 2 In Poland, hypertension is diagnosed in 29% of adult population, and only 12% of patients are treated properly. 3 Effective treatment of hypertension is based on lifestyle modification and longterm pharmacotherapy; however, about 40%-60% of patients with hypertension fail to comply with the prescribed treatment 4 and about 50% stop taking their drugs during the first 12 months of treatment and 30% do not take them as prescribed. 5 Poor blood pressure control is often associated with nonadherence, but on the other hand, poor adherence occurs more often in primary prevention and in asymptomatic patients. 4 Adherence to antihypertensive medication is a key determinant of adequate blood pressure control and prevention of cardiovascular events, 6 but studies from the literature show that the recognition of noncompliant patients by health care providers is low (10%-38%). The lack of blood pressure control may serve as an alarming sign of nonadherence. 7 Assessment of health records and evaluation of patients' expectations for the treatment may help in identifying nonadherent patients. Also, the important role of questionnaires in the assessment of adherence to therapeutic recommendations is emphasized. 8 To date, no universal method for the measurement of medication adherence exists, although several scales specific for adherence measurement based on patient's self-assessment are available. Apart from adherence, they often aim at identification of inconvenience related to taking drugs, attitudes and beliefs about treatment, or the level of knowledge about the disease and its treatment. None of the scales are available in the Polish language. 9 The most commonly used adherence-specific self-report questionnaire is the Morisky Medication Adherence Scale (MMAS). [10] [11] [12] This scale was originally established as a four-item questionnaire in patients with hypertension. It has been expanded with four additional items that address the circumstances regarding adherence behavior. This new version is called the eight-item MMAS (MMAS-8). The ranging score is from 0 to 8, with higher scores indicating better adherence. The MMAS-8 has been adapted and validated in many languages and for a variety of chronic diseases that require customized assessment of the recommendations. 10 Therefore, we adapted it to the Polish culture and carried out its validation in a group of patients with hypertension.
Aim
In the present study, we report the results of the validation study.
Methods

Patients and study design
The study protocol and informed consent form was approved by the independent Commission of Bioethics at Wroclaw Medical University (consent number KB 136/2015). For the study, patients attending the family doctor practice in Wroclaw between January and July 2015 were enrolled.
inclusion criteria
To be included in the study, patients had to: 1. be diagnosed with hypertension at least 1 year before, which is in accordance with the guidelines of the European Society of Hypertension, 2. be treated with antihypertensive medication (at least one drug), 3. be older than 18 years, 4. sign an informed consent, and 5. be able to read Polish.
exclusion criteria
The patients excluded from the study: 1. had limited cognitive functions, 2. did not sign an informed consent, and 3. were diagnosed with any other serious disease (neoplasm, cardiac and renal insufficiency, etc). Two tests were planned in the study at an interval of 4 weeks. At admission, nurses asked the patients to complete the questionnaire. One month after admission, the questionnaire was sent to each patient's home and they were asked to complete it again.
All respondents gave written informed consent for participation in the study. We decided that the best method for standardizing our sample size data was subject to item ratio because we needed a criterion for a reasonable direct comparison to our own data analysis. This corresponds to 20 patients for an eight-item questionnaire. 13 With this sample size, the width of the 95% confidence interval for a Cronbach's α coefficient of 0.80 is 0.05. We decided to include 160 patients.
MMAs questionnaire
The MMAS-8 is a self-report questionnaire with eight questions. Self-reported medication adherence was assessed using the MMAS-8. The self-reported MMAS-8 tool is simple to administer and is a reliable and an economical method in clinical practice. The MMAS-8 was designed to facilitate the identification of barriers to and behaviors associated with adherence to chronic medication. The tool has been determined to be reliable and significantly associated with blood pressure control in individuals with hypertension, as well as with antihypertensive medication pharmacy fill rates. Scores on the MMAS-8 range from 0 to 8, with scores of ,6 reflecting low, 6 to ,8 reflecting medium, and 8 reflecting high adherence. 10, [14] [15] [16] Translation and cross-cultural adaptation of the MMAs-8 were compared and the problems with inconsistencies resolved in another meeting. A pilot study was performed in a Polish population of 25 patients. The patients who participated in this face-validity phase were not included further in the study. The final version of the questionnaire was approved by the author of the original version, and then it was completed and made available for the reliability and validity study.
statistical analysis
Statistical analysis of the obtained results was carried out with the Statistica software v.10 (StatSoft, Tulsa, OK, USA). Normality of analyzed variables was verified by the Kolmogorov-Smirnov test. Statistical characteristics of variables are presented as arithmetical mean ± standard deviation (SD), median, and interquartile range. Statistical characteristics of discrete and qualitative variables are presented as frequency distribution (n). Internal consistency and intraclass correlation coefficients of the Polish adaptation of the questionnaire were tested by Cronbach's α coefficient. Exploratory factor analysis was used to identify relationships between questionnaire items. Test-retest reliability was assessed at a 4-week interval to evaluate reproducibility of the Polish version of the questionnaire.
Results
clinical and demographic data
For the study, 160 patients with hypertension who met the inclusion criteria were enrolled. The first study was completed by all of the patients who agreed to participate, while in the repeat study, 43 patients withdrew (26.8% refusal rate) and seven returned incomplete questionnaires. The second questionnaire was sent to all the 160 respondents by post, and 43 of them did not send it back. The final analysis included 110 patients with hypertension. The characteristics of the total and adherent groups are shown in Table 1 . Of the 110 patients, 27 (24.5%), 43 (39.1%), and 40 (36.4%) were in the low-, medium-, and high-adherence groups, respectively. Significant differences in blood pressure control were found in patients with high adherence who took their medications once or twice a day compared to patients with low adherence who took their medications only when they feel symptoms.
The mean age of respondents was 60.7 years of age (SD, 12.6). Patients in the group with high adherence were older than patients in the group with low adherence (62.9 years, SD 11.0 vs 58.1 years, SD 13.0); however, the difference between those groups was not significant. Of the study group, 54.6% were women; the percentage of women was higher in the group with high adherence than in the group with low adherence (60% vs 51.8%; not significant). Half of the respondents had been educated to a secondary education level. The majority of respondents from the three groups were married or in a relationship (63% vs 76.7% vs 60%, respectively). The mean time from diagnosis of hypertension was 9.2 years (SD, 7.4) and was the shortest in the group of patients with high adherence (8.4 years; SD, 4.7). Patients were taking 3.61 (SD, 4.31) antihypertensive tablets a day. Detailed characteristics are presented in Table 1 . Table 2 presents the analysis of adherence levels of MMAS on the group of patients with hypertension. Mean level of adherence according to MMAS-8 was 6.42 (SD, 2.00), which indicates medium adherence to pharmacological recommendation.
construct validity of the scale Two factors were included in the analysis based on the number of plotted points before the last drop. In this way, eight input variables were reduced to two dimensions that explained 59.9% of the total variance. Factor loading table shows that the most important common factor (Factor 1) is associated mostly with variables describing patients' behavior in the past, while the second one (Factor 2) is associated with taking medicines the day before completing the questionnaire. Factor loadings are presented in Table 3 .
reliability of the scale
The Polish version of MMAS-8 adherence scale is a reliable method of verifying medication adherence. The overall Cronbach's α coefficient was 0.808, and the mean correlation among items of the scale was 0.361. Table 4 presents basic characteristics of respective items of the scale and their contribution to the whole adherence scale. This table shows that not all items influence the reliability of the scale to a similar extent. The strongest correlation appears between the entire scale and item number 6; thus, the decrease in reliability would also be the strongest, if this was removed from the scale. The weakest influence on the reliability appears in case of item 5. If item 5 were removed from the scale, the mean correlation between items of the scale would increase to 0.476. The remaining items would have similar contribution to the reliability, and the reliability coefficient would increase to 0.85.
Known group validity
In the group with high adherence, the percentage of patients with properly controlled blood pressure was higher than in the group with low adherence (33.3% vs 19.1%, P.0.05).
Also, mean systolic and diastolic blood pressure were lower in the high-adherent group than in the low-adherent one (141 vs 145 and 84 vs 90 mmHg, respectively). Both differences were statistically insignificant (P.0.05). Table 4 shows distribution of levels of adherence in relation to proper blood pressure control.
Test-retest reliability
A total of 110 questionnaires were returned 1 month after admission and assessed by test-retest method. The results 
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Polish version of the 8-item Morisky Medication Adherence scale are presented in Table 5 as number of answers, Cohen's κ coefficient, Spearman's rank correlation coefficient, and consistency. Correlations between the same items are statistically significant at a level of P,0.001, though not equally strong (from ρ=0.461 to 0.905); the strongest correlation occurred for question 4 (Q4) and the weakest was for question 5 (Q5). The analysis of results obtained during double test among the same people revealed good reproducibility (Cohen's κ coefficient =0.61). The overall results are presented in Table 6 .
Discussion
The main objective of this paper was to evaluate the reliability and validity of the translated version of the MMAS-8 in a sample of patients with hypertension. This study was the first to systematically translate and validate the MMAS-8 into the Polish language. To date, the MMAS-8 questionnaire has been translated into several languages and used among patients with hypertension and diabetes. 11, 17, [19] [20] [21] [22] [23] The evaluation of nonadherence to pharmacological recommendations is necessary in clinical practice, but it still remains difficult. Patient self-assessment related to adherence to prescribed medication seems to be a simple and inexpensive method of obtaining information, as long as properly prepared examination tools are available in daily clinical practice. One of the measures of adherence is the percentage of the medication actually taken by the patient. It must be assumed that the omission of more than 80% of prescribed doses of medication means total nonadherence, while omission of less than 20% means partial cooperation. A high percentage of patients admit that they do not take medication daily for various reasons and, moreover, they are not able to accurately calculate the number of omitted doses. improving patients' compliance to following therapeutic recommendations. Based on the available studies, a profile of patients with increased risk for nonadherence can be established. This group includes young men with comorbidities and low socioeconomic status. In addition, it was proved that nonworking, smoking patients with low social support and reduced satisfaction with their medication because of the presence of side effects of the treatment have significantly greater amount of problems with adherence to medication regimens. 21 The original MMAS-8 scale was tested by Morisky et al 10 on a sample of hypertensive patients, and it was found that the scale was reliable with good predictive validity and sensitivity (Cronbach's α=0.83) and was significantly associated with blood pressure control (P,0.05). Other studies evaluated the MMAS-8 translated version in Brazilian Portuguese, Thai, French, Malaysian, Korean, Persian, and Chinese. 11, [19] [20] [21] [23] [24] [25] These studies show that the MMAS-8 translated version had acceptable internal consistency, good test-retest reliability, and good convergent validity. The questionnaire was primarily dedicated to measure adherence among patients with hypertension; however, currently, it is also often used among diabetic and cardiac patients as well as in patients with asthma, psoriasis and AIDS. 20, 22, 24, 26 The MMAS-8 questionnaire was translated into several languages. The level of internal consistency of Polish adaptation of MMAS-8 was α=0.81, and the mean correlation between items of the scale was 0.36. The values are similar to those obtained for the original version of the questionnaire. 10 The psychometric properties of the foreign versions were recognized as satisfactory, although their parameters of internal consistency were lower than those for the Polish version. The Cronbach's α was 0.682 for the Brazilian Portuguese version, 0.54 for the French version, 0.697 for the Persian version, while it was 0.808 for the Polish version. 11, 12, 21 Our study among Polish patients with hypertension showed that the MMAS-8 had good test-retest reliability (r=0.61) with good convergent validity and sensitivity (59.9%). In terms of internal consistency and test-retest reliability, it is different from the results of de OliveiraFilho et al 11 and Moharamzad et al 12 . These authors, however, performed the reproducibility assessment after 2 weeks, which showed that the ability to change adherence to pharmacological recommendations is less possible in such a short period of time -in the present study, the interval between questionnaires was 4 weeks. The Polish version of MMAS-8 questionnaire was able to differentiate significantly between patients with well-controlled and uncontrolled blood pressure. In the present study, patients with well-controlled blood pressure obtained higher score in MMAS-8 questionnaire, showing better adherence than those with uncontrolled blood pressure. Significant correlation between MMAS-8 questionnaire and the level of blood pressure control was confirmed in the study on the original version of the questionnaire and in the studies of other researchers.
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Conclusion
Identification of nonadherent patients is important to improve the effectiveness of antihypertensive treatment. The Polish version of MMAS-8 questionnaire is a reliable and valid measure of medication adherence in hypertensive patients. This questionnaire should be used in daily clinical practice, especially in patients with uncontrolled hypertension despite correctly applied therapeutic regimens. Recognition of nonadherent patients along with finding reasons for their lack of adherence may allow for the development of strategies for improving adherence. The Polish version of the questionnaire may be used in routine care to support communication about the medication-taking behavior.
